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(54) Orthopaedic Joint component and surgical tool and method 

(57) A prosthetic femoral component (40) for the knee joint has a body defined between elongate articulation and 
securement surfaces (43; 44, 45), the articulation surface (43) being convexly spherically shaped, and the securement 
surface having major and minor areas at opposite end portions (41 , 42) the major area (44) being concavely spherically 
concentric with the articulation surface to form a shell body part (41 ). and the minor area (45) being essentially planar 
extending chordally of the articulation surface. A bone-penetrating pin (46) extends radially from the major securement 
surface area in a direction parallel to the longitudinal direction of the neighbouring minor area. A related surgical tool (50) 
for shaping the femoral condyle has a rotary cutter (52) to provide a cut bone surface complementing the component major 
area (44), and a guide spigot (53) projecting adjustably coaxially within the cutter. 
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ORTHOPAEDIC JOINT COMPONENTS. TOOLS AND METHODS 
This invention concerns orthopaedic joint components, tools 
and methods more particularly for use in relation to the femur at 
the knee joint. The invention has in fact been conceived 
Initially with a view to application as or for a femoral 

05 component of so-called unicompartmental form in a prosthesis 
according to GB Patent No. 1,534,263. It is accordingly 
appropriate to describe the invention in more detail in terms of 
such application, but it is to be understood that the invention 
is more widely applicable to other forms of prosthesis. 

10 In the present context "unicompartmental" qualifies a 
component discretely applicable to a femoral condyle to provide a 
replacement articular surface. While two such components can be 
used on the associated condyles of a joint, this distinguishes 
from a bicompartmental component in which a single one-piece 

15 femoral component has an associated pair of condylar parts 
connected by a bridging portion, and also from a tricompartmental 
component in which the bridging portion defines a patellar 
articular surface. 

In the same context "surface replacement", used hereinafter, 

20 involves the provision of a component having a body largely of 
shell form and defining two principal surfaces in back-to-back 
disposition, one such surface being intended as the replacement 
articular surface and the other such major surface to interface 
with the relevant bone. In this case the bone is of course the 

25 femur at the knee and the respective principal surfaces are 
commonly grossly convex and concave. 

Unicompartmental components presently in routine use include 
two principal types. In each type the articular surface is 
normally of polyradial shape, that is to say the surface is 

30 deliberately non-spherical. This shaping appears to reflect 
confused thinking which assumes a need for a varying centre of 
curvature for the articular surface in direct relationship with 
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the fact that there is, in the natural situation, a varying 
centre of rotation between the femur and tibia during flexion- 
extension movement. Generation of the latter variation is of 
course appropriate following surgery if the natural joint 

05 function, including the action of retained ligaments, is itself 
to be closely simulated but study in development of the present 
Invention finds no necessity for a related polyradial curvature. 

The routinely used types differ, however, In the form of 
interface surface configuration used in relation to securement of 

10 the component to the bone. In one type the interface surface 
consists of a plurality of plane facets Intended for securement, 
with or without bone cement, against a closely matched surface 
cut on the condyle. The other type is of surface replacement 
form and the corresponding interface surface closely follows the 

15 polyradial shape of the articular surface. This type is intended 
for securement with cement, the condyle being at best relatively 
coarsely prepared in terms of matching and the cement being 
deployed to fill gaps resulting from mismatching. 

There are difficulties and disadvantages with both types. 

20 For the one type the related bone preparation Vs complex by ' 
virtue of the need to cut plural facets in a predetermined 
relationship to match the component. Moreover this difficulty is 
compounded by the repetition which is necessary if the bone 
shaping requires relocation to attain a better final position for 

25 the component. Also the interface^between the component and bone 
will necessarily be irregular relative to the trabecular 
structure of the latter and this will result in the transmission 
of non-compress We forces through the interface during subsequent 
patient' use of the joint, which forces can lead to component 

30 loosening. For the other type the final position for the 
component is determined in an effectively arbitrary manner and 
this cannot be reliably compatible with maintenance of normal 
ligament action or, therefore, joint function. 

An object of the present invention is to reduce these 

35 difficulties and disadvantages. 
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To this end the invention in one aspect provides a prosthetic 
femoral component for the knee joint comprising a body defined 
between two principal surfaces in back-to-back disposition, one 
of such surfaces being of three-dimensional ly curved convex shape 

05 to serve a condylar articular function, the other such surface 
being grossly concave and having at least a major area thereof 
shaped essentially as a surface of revolution to form with the 
corresponding area of the one surface a shell, and the component 
being adapted to engage the femur by way of said other surface 

10 with the axis of rotation of said area parallel to the 
longitudinal axis of the femoral shaft. 

This component is preferably of unicompartmental surface 
replacement form. 

Preferably the one principal surface and/or major area of the 

15 other principal surface Is/are spherically shaped and when both 
are so shaped they are preferably concentric. 

The remainder of said other surface from said area is 
conveniently a plane facet. 

In another aspect the invention provides, for use with a 

20 component according to the Invention, a surgical tool for shaping 
a femoral condyle, the tool having concave cutting means 
rotatable about an axis therethrough to describe a surface of 
revolution substantially equating with that of said component 
major area, and having a guide member projecting coaxially within 

25 said cutting surface. 

Preferably in such a tool the cutting means and guide member 
are relatively adjustable to vary the effective axial length of 
the latter within the former. 

In a further aspect the invention provides, for a component 

30 according to the invention, a method of preparing a femoral 
condyle which comprises exposing that condyle, locating the 
condyle In a position of flexion with its posterior portion 
immediately adjacent the tibia, forming a bore In the Inferior 
portion of the condyle which bore Is axial ly parallel to the 

35 longitudinal axis of the femur and located radially at a 
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predetermined spacing from the tibia in said position of flexion, 
and shaping the condyle to form the same substantially to the 
complement of said surface of revolution this, complementary 
shaping being located coaxial ly with said bore, and to a 
05 predetermined spacing from the tibia in a position of full 
extension. 

Preferably the predetermined spadngs of this method are 
substantially equal. 

These aspects of the invention together with the preferred 
10 and other forms thereof will be clarified by consideration of the 
following further description given by way of example with 
reference to the accompanying drawings, in which :- 

Figures 1 and 2 respectively schematically illustrate two 
types of prior art unicompartmental femoral component, 
15 Figure 3 illustrates natural shaping in the femur at the knee 

joint, 

Figure 4 diagrammatical ly illustrates in side and plan views 
(a) and (b) one embodiment of a component according to the 
invention, 

20 Figure 5 similarly illustrates a related surgical tool for 

use in application of the component of Figure 4, and 

Figures 6-8 schematically illustrate successive stages In a 
procedure for application of the component of Figure 4. 

Figure 1 schematically illustrates in side view a 

25 uni compartment femoral component 10 of the first type referred to 
above. The component has a main body of elongate form as shown 
defining an articular surface 11 and an interface surface 12. 
The articular surface 11 is longitudinally curved 1n polyradial 
manner with progressive increase In curvature towards one end, 

30 which end is to. be sited posteriorly, and the surface 1s also 
transversely curved. The interface surface 12 consists of three 
plane facets but will commonly be supplemented with one or more 
projecting elements, usually of pin and/or blade form, to 
penetrate the bone for purposes of securement. 

35 Figure 2 schematically illustrates in a perspective view a 
unicompartmental femoral component 20 of the second type referred 
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to above. This component is of surface replacement form and has 
a shell body of elongate form as shown defining a polyradial 
articular surface 21 similar to surface 11 in Figure- 1 and an 
Interface surface 22. which closely concavely approximates 

05 surface 21. Again the interface surface 22 will commonly be 
supplemented by one or more elements to aid securement with bone, 
but this will usually be 1n a less pronounced manner to form a 
key with cement. 

Figure 3 illustrates natural shaping in the femur 30 at the 

10 knee joint by way of a diagrammatic section through the sulcus of 
the trochlear groove. The longitudinal, that is to say the 
anteroposterior profile of the condyle is seen at 31. 
Development of the invention rests, in part, on the consideration 
that this profile and also the related transversely extending 

15 areas of the condyle can be very closely represented by a 
spherical surface as indicated by the circular outline 32. 
Moreover such a sphere is found to be of substantially constant 
radius over large bodies of adult population, with "large" in 
this context extending to National or greater size. This 

20 consideration is, of course, counter to current thinking and 
femoral component design. 

Also, although the condylar surface appears to be continuous 
with that of the trochlear groove in which the patella 
articulates, the areas of these surfaces which in fact perform a 

25 significant articular function in respective relation to the 
tibia and patella are found to be quite separate. The trochlear 
groove area in question is indicated at 33. This again 
contradicts current thinking whereby femoral components commonly 
exhibit features designed to accommodate patellar articulation 

30 even when the component is not of trlcompartmental form. 

These considerations and findings In development of the 
present Invention led to the view that an idealised femoral 
component can have spherical articular shaping. The component is 
preferably unicompartmental to give flexibility for use in 

35 relation to different joint conditions without entailing a 
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necessary constraint to accommodate patella function in all 
conditions. The component is preferably of surface replacement 
form with an Interface surface which is spherical and^. concentric 
with the articular surface. This will simplify manufacture of 

05 the component, minimise the need for bone removal and, because 
the interface will be positioned in a substantially regular 
manner perpendicularly across the adjacent trabecullar structure, 
minimise the transmission of non-compress ive forces to the bone. 
Practical development of the Invention to date closely 

10 approaches this ideal by way of the unicompartmental component 40 
of Figure 4. This component is of one-piece construction and 
elongate form having a main body composed of a shell body 
portion 41 for application to the inferior part of a condyle and 
a continuing secondary body portion 42 for application to the 

15 posterior part of the condyle. The component defines a convex 
spherical articular surface 43 extending continuously over both 
body portions, while the shell portion defines a major interface 
surface area 44 substantially of concave spherical shape 
concentric with articular surface 43, and the secondary portion 

20 defines a minor interface surface area 45 of substantially planar 
shape extending chordally relative to surface 43. The component 
additionally has a pin 46 projecting radially inwardly from 
surface 44 and with Its axis in parallel and symmetrical relation 
with surface 45. 

. 25 The component of Figure 4 differs from the above ideal for 

compatability with the practical development to date of related 
securement techniques. 

These techniques involve a cutting tool 50 of the form shown 
by Figure 5. -The tool can be termed a spigotted 

30 spherically-concave end mill. The tool has a shaft 51 for 
operable engagement at its free end in a suitable rotary power 
source. At its other end the shaft carries the milling 
cutter 52, the concave spherical cutting face of which- Is coaxial 
with the shaft and shaped to equate with the interface surface 

35 area 44 of the associated component. A spigot 53 projects 
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radially inwardly of the cutting surface coaxial ly from the 
shaft, the relative positions of the cutter and spigot being 
adjustable axial ly of the latter in a continuous or discrete 
Incremental manner by a screw or other mechanism. This 

05 adjustment suitably covers a small range of movement about a 
datum length for the spigot equal to the articular spherical 
radius of the related component. 

Successive stages of the presently developed technique are 
Illustrated by the remaining drawings. 

10 In this technique the knee joint Is suitably exposed, and a 
plane facet cut on the tibial plateau of the relevant 
compartment. This facet is to serve as a basis for securement of 
a tibial component for association with the subject femoral 
component, these components being additionally associated with a 

15 menlscal component therebetween If the teaching of GB Patent 
No. 1,534,263 is followed. 

With the joint in a position of about 90° flexion as shown in 
Figure 6, a jig 60 of basically three-part form is applied to 
locate a shoe part 61 between the plane facet already cut and the 

20 now-facing posterior portion of the related femoral condyle, a 
drill guide part 62 across the inferior portion of the condyle, 
and an alignment part 63 extending parallel to the longitudinal 
axis of the femoral shaft. The shoe part 61 has an elongate face 
which is concavely transversely curved against the condyle. The 

25 guide part 62 has a smaller bore 64 and a larger bore 65, each 
axially parallel with the alignment part 63 and in a common plane 
^ with the latter. The alignment part 63 is shown to extend 

externally of the femur, but in an alternative form it can extend 
Internally as an intramedullary nail. 

30 The jig 60 1s positioned as Indicated in association with a 
spacer 70 between the shoe part 61 and the tibial plane facet, 
this spacer serving to represent the thickness of the associated 
tibial component to be secured to such facet, plus the thickness 
of any related meniscal component. More specifically this 

35 location is such as to position the guide part bore 65 
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substantially In alignment with the normal spherical radius at 
the neighbouring point of the condle and at a spacing above the 
spacer 70 corresponding to the radius R of sphericity for the 
articular surface 43 of the component intended for use. The 

05 radius R is, of course, determined on the basis of preceding 
X-ray or other pre-surgical examination, and/or assessment 
following exposure of the joint, substantially to match that of 
the condyle to be resurfaced. 

This jig positioning will result in ligament action being 

10 sustained in a normal manner at flexion. Also, it is to be noted 
that such positioning is determined, in part, by reference to the 
posterior portion of the condyle where damage due to arthrosis 
occurs late in the progression of the condition to be obviated by 
prosthesis. Thus component positioning is determined by 

15 reference to joint geometry which is commonly viable in 
indicating normality for the patient. 

In any event, when so positioned, the condyle is drilled by 
way of guide part bore 64 and a pin 66 engaged to stabilise the 
jig position. Then, the condyle is drilled through guide part 

20 bore 65 to a depth R. 

The next stage following use of jig 60 involves application 
of a saw block 80 to the condyle whereby the posterior portion 
can be removed to leave a plane facet as shown by Figure 7. This 
saw block has pins 81 and 82 to engage in the condyle bores and 

25 so position the block in a stable manner. 

Thereafter the tool 50 is applied to engage its spigot in the 
bore in the condyle. Operation of the tool cuts the inferior 
portion of the condyle to leave a spherically convex face, this 
face being of markedly higher quality than that from a saw or 

30 other tool. 

It is to be noted that the tool 50 is operated with its 
spigot limiting the depth of cut into the bone and that 
adjustment can be made to progressively reduce the spigot length 
while allowing intervening applications of the component, or a 

35 trial form thereof, to test the positioning by reference to 
ligament action with the joint extended. 
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Initially, the spigot length will be R with successive small 
reductions, of about 0.5 mm, say, being made to this length until 
testing shows that the component will be equally spaced from the 
tibia at about 90° flexion and full extension by the thickness of 

05 the associated tibial component plus any related meniscal 
component. It will be appreciated that this progressive 
adjustment towards the desired result is simplified by the fact 
that the condyle has previously been sawn to provide a plane 
facet extending parallel to the direction of adjustment whereby 

10 the overall cut area of the condyle does not change in shape at 
any stage during use of the tool 50. Prismatic or other facetted 
shapes extending parallel to the direction of adjustment will 
give a similar facility. 

The resultant shaping of the condyle will be seen to receive 

15 the component of Figure 4 as shown in Figure 8. 

A remaining point to note in relation to the component of 
Figure 4 is that the interface surfaces 44 and 45 will conform 
very closely to the indicated spherical and planar shapings, but 
in practice can vary in fine detail for the purposes of 

20 securement. For example, if securement is to rely on the use of 
cement, these surfaces may be formed with a roughened, finish to 
afford a key while having the indicated overall shapes. 
Alternatively, or in addition, these surfaces can be relieved to 
a small extent to provide the same overall shaping within a low 

25 peripheral rim whereby a uniformly thin layer of cement is 
provided between the component and bone during securement. 
Similarly, where securement Involving bone growth 1s intended, 
the related component surfaces can be formed with fine pores or 
like irregularities in accordance with established techniques, 

30 while still exhibiting the Indicate overall shaping. In this 
case, the component surfaces can, for example, be relieved such 
as just mentioned and filled back to the desired shapes with 
hydroxyapatlte or other suitable material. 

While the invention has been more fully described with 

35 reference to the drawings, it has been indicated in the preceding 
description that wider application is possible. 
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Other unicompartmental forms can be advantageous relative to 
present routine components. For example a polyradial rather than 
spherical articular surface can be used while employing interface 
surfaces as described to obtain the related benefits of the 

05 latter. Conversely,' or in addition, the spherically shaped 
interface surface area can be of non-spherical revolutionary 
shape while still allowing benefit from a simplified securement 
procedure. Again the illustrated form may be improved to have a 
wholly spherical or other rotational ly defined Interface surface 

10 for use In association with further developed securement 
procedures. 

To the extent that the impact of the invention is wholly 
confined to treatment of the femoral condyle, the invention is of 
course applicable to bi- and tricompartmental forms of component. 
15 Similarly the invention, while conceived in relation to use 
in prosthetic devices involving tripartite femoral, tibial and 
intervening menlscal components, the invention is equally 
applicable to device forms involving directly engageable femoral 
and tibial components. 
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CLAIMS 

1. A prosthetic femoral component for the knee joint comprising 
a body defined between two principal surfaces In back- to-back 
disposition, one of such surfaces being of three-dimensional ly 
curved convex shape to serve a condylar articulation function, 

05 the other such surface being grossly concave and having at least 
a major area thereof shaped essentially as a surface of 
revolution to form with the corresponding area of the one surface 
a shell, and the component being adapted for securement with the 
femur by way of said other surface with the axis of rotation of 

10 said area parallel to the longitudinal axis of the femoral shaft. 
2* A component according to Claim 1 wherein at least one of said 
one principal surface and said major area is spherically shaped. 

3. A component according to Claim 2 wherein both of said one 
principal surface and said major area are spherically shaped in 

15 mutually concentric manner. 

4. A component according to Claim 1,2, or 3 wherein the 
remainder of said other principal surface from said major area is 
predominantly composed of a minor area of essentially planar 
shape. 

20 5. A component according to Claim 4 wherein said two principal 
surfaces are each of elongate form and said major and minor areas 
extend over respectively different, mutually adjoining end 
portions thereof. 

6. A component according to any preceding claim wherein said 
25 body has an elongate member projecting from said major area along 

the axis of rotation thereof. 

7. A component according to Claim 6 wherein said member is of 
' pin form. 

8. A component according to Claim 6 or 7 wherein said member 
30 projects from said major area along said axis to no greater 

extent than the remainder of said body. 

9. A component according to any preceding claim of 
unicompartmental form. 



10. A surgical tool for use 1n shaping a femoral condyle for 
securement therewith of a component according to any preceding 
claim, such tool having concave cutting means rotatable about an 
axis therethrough to describe a surface of revolution 

05 substantially equating with that of said component major area, 
and having a guide member projecting coaxially within said 
cutting means. 

11. A tool according to Claim 10 wherein said cutting means and 
guide member are relatively adjustable to vary the effective 

10 axial length of the latter within the former. 
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